WiMAX is a broadband wireless access technology facing the challenges of 3G and beyond communication systems. As frequency licensing is becoming commercially available throughout the world, it is still unclear whether WiMAX will be better positioned than its main competitors, such as UMTS. Therefore, it is critical to evaluate the technology within the foreseen all-IP communications. In the context of the WEIRD project, an architecture that includes the WiMAX technology in an all-IP communication system has been developed. The main capabilities of the WEIRD system include mechanisms to support adequate quality of service levels for a broad range of applications, from basic web traffic to multimedia and specialized applications, such as telemedicine and fire prevention. This paper presents a solution for macro mobility in an all-IP network with WiMAX as the access technology, based on the basic WEIRD architecture. The proposed approach has been implemented on a test-bed of the WEIRD system and evaluated in order to address the impact of the developed mechanisms upon the overall system performance. The results have shown that the mobility mechanisms introduce a rather small overhead, while having the capability to support a "make-before-break" handover process.
Introduction
Worldwide Interoperability for Microwave Access (WiMAX) has become a key technology for broadband wireless access in next generation networks, both in its fixed and mobile versions.
The WiMAX Extensions to Isolated Research Data networks (WEIRD) was a 24 month integrated project that aimed at implementing research test-beds via the usage of the WiMAX technology [1] . In WEIRD, the WiMAX technology is integrated in an all-IP network, which takes into account features such as Quality of Service (QoS), resource and access management, authentication authorization and accounting (AAA), and mobility [2] . Moreover, the WEIRD system supports a wide range of applications, from traditional web browsing, through Voice over IP, up to more elaborated applications, such as fire prevention and telemedicine. Currently, the fire prevention application is being used by the Portuguese Civil Protection.
The mobile version of WiMAX has native support for micro mobility. However it does not support, by itself, layer 3 mobility mechanisms, which need to be included in order to handle macro mobility. To overcome the limitations expressed above, this paper specifies and describes the preliminary evaluation of a solution for macromobility within the WEIRD project, following a "make-before-break" handover procedure. The most important modules involved in the macro-mobility scenario are the QoS modules for resource reservation both on the WiMAX links and on the core network, and the mobility management modules, including the Media Independent Handover. Moreover, an extension to the Next Steps in Signalling Framework for mobility management support was designed and integrated in the previously mentioned mobility scenario.
The paper is organized as follows: Section 2 describes the WiMAX technology, the signalling framework and the mobility handover assistance mechanism used in the WEIRD system. The related work is presented in the Section 3. Section 4 presents a detailed description of the proposed macro-mobility approach. The results of the proposal evaluation on the test-bed are discussed in Section 5. Finally, Section 6 concludes the paper and presents issues to be addressed in future work.
WiMAX in All-IP: Quality of Service and Mobility
An architecture that integrates the WiMAX technology in an all-IP world with QoS and mobility support comprises several components with specific roles. This section starts with a brief overview of the WiMAX technology, followed by the description of the signalling framework used in the WEIRD project. The modules involved in mobility support, namely the Mobile IP and the Media Independent Handover complete this section.
WiMAX
WiMAX, Worldwide Interoperability for Microwave Access, is a technology based on the IEEE 802.16 standard that aims to provide broadband wireless access over long distances, both fixed and mobile, as defined by the IEEE 802. 16-2004 [3] and IEEE 802.16e-2005 [4] standards, respectively. The WiMAX Forum is the organization responsible for the certification and interoperability of all the products based on the IEEE 802.16 /ETSI HiperMAN standard [5] [6] . The Network Working Group of WiMAX Forum has defined the WiMAX network reference model [7] , shown in Fig. 1.   Fig. 1 . WiMAX Forum Network Reference Model [7] 
